The striped hyena is one of the least studied large carnivores in Nepal. We evaluated status of Striped hyena (Hyaena hyaena Linnaeus, 1758) and their conservation approaches in Rautahat and Sarlahi forests, Nepal. The overall objective of this study was to explore the baseline information on striped hyena and to recommend the future conservation action for striped hyena. Camera trapping, sign transect and questionnaire surveys were used to collect the baseline information on striped hyena. A total of 20 mammalian species including striped hyena were recorded. The striped hyena preferred riverbed than that of mixed forest, Accacia forest, Shorea forest and grassland. Most of the striped hyena sign evidences (36.27 %) were located in riverbed, followed by mixed forest (26.47%), Accacia forest (20.58 %), Shorea forest (15.56 %) and grassland (0.98%). Habitat degradation was one of the major threats to this animal and its prey species.
INTRODUCTION
The striped hyena (Hyaena hyaena Linnaeus, 1758) belongs to Hyaenaidae family (Prater, 1971; Alam et al., 2014) , is one of the least known large carnivore species (Hofer & Mills, 1998; Jnawali et al., 2011; Sharma et al., 2011) . It is a scavenger in its habit (Kruuk, 1976; Hofer & Mills, 1998; Alam et al., 2014) that plays an important role in energy flow in an ecosystem (Akay et al., 2011) . The distribution area of the striped hyenas around the globe extends from tropical and sub-tropical regions of Africa to middle and south Asia (Hofer & Mills, 1998; Leakey et al., 1999; Qarqaz et al., 2004; Wagner, 2006) . The striped hyena has been classified on the IUCN Red List as "Near Threatened" and protected by Government of Nepal "National Park and Wildlife Conservation Act (NPWCA) 2029 (1973)" due to retaliatory killings, persecution, depleting prey populations and loss of habitat (Majupuria & Majupuria, 2006; Baral & Shah, 2008; Jnawali et al., 2011) .
Densities of Striped hyenas appear to vary greatly across their range and factors driving this variation are poorly understood because of the paucity of rigorous studies (Hofer & Mills, 1998; Qarqaz et al., 2004; Alam et al., 2015) . Comparing with the other large carnivores such as tiger, leopard, etc. there is not much known about striped hyenas and its ecology and conservation. The scanning of some literatures reveals that the Striped hyena's population has been already 49-59 extinct from many localities (Kruuk, 1976; Hofer & Mills, 1998; Wagner, 2006; Khorozyan et al., 2011) , and that populations are generally declining throughout their geographical range due to persecution, poisoning, and hunting for meat or medicinal purposes (Qarqaz et al., 2004; Alam et al., 2015) . This animal mostly prefer open areas or lands covered with short shrubs in their natural distribution areas (Akay et al., 2011) . In the Indian subcontinent, they occur in arid and semi-arid ecosystems, as well as in the extremely wet regions of southwestern coast (Prater, 1971; Karanth, 1986) . In many parts of distribution ranges, its population has decreased and presently is confined to small patches (Qarqaz et al., 2004; Singh, 2008; Singh et al., 2010) . Among other reasons, the habitat deterioration and depletion are the major factors, restricting the population of this species (Qarqaz et al., 2004; Jnawali et al., 2011) . In Nepal, the striped hyena is distributed in lowland of southern part of the country including protected areas (Shrestha, 1997; Chalise, 2001; Majupuria & Majupuria, 2006; Baral & Shah, 2008; Jnawali et al., 2011) and few other places with estimation of less than 100 individuals (Hofer & Mills, 1998; Jnawali et al., 2011) . However, little is known about its past and present occurrence (Hofer & Mills, 1998; Sharma et al., 2011; Jnawali et al., 2011) . Hence, studies on this species are urgently required not only to help its survival, but also to further investigate its ecology and potential habitat for the long-term conservation and survival. The present study demonstrates that extensive field work and current status regarding habitat, threats, conservation initiatives and peoples' tolerance level which may help in predicting the baseline information and lead to conservation of striped hyena in Nepal.
Study area
The study area was located in Rautahat and Sarlahi districts of central tarai, Nepal ( fig. 1 ) covering an area of 300 square kilometers with Shorea (Sal) forest, grassland, Acacia forest, and mixed riverine forest and the altitude range was 110 -350 masl (meters above sea level). The study sites were connected to the terai Arc Landscape (TAL) area in the west. TAL is a vast landscape and has been initiated since 2001 covering an area of 49,500 sq km, which extends from Bagmati River of Nepal in the east to Yamuna River of India in the west. TAL encompasses 11 Protected Areas and forest corridors stretching along the Indo-Nepal border from Parsa Wildlife Reserve of central Nepal to Rajaji National Park of India (Kanagaraj et al., 2011) . In Nepal, TAL encompasses 23,129 sq km of 14 districts including 75 percent of the remaining forests of the lowland Nepal including Churia hills and some protected areas (MFSC, 2006; Kanagaraj et al., 2011) .
FIG. 1. Location of the study site: the Rautahat and Sarlahi districts of Nepal.

MATERIALS AND METHODS
The study was conducted during September 2015 to November 2015. Sign transect sampling in all possible habitats such as river belt, forest trails, grassland and agriculture land were used to collect information on habitat preference of Striped hyena as well as to explore the mammalian species in the study site. Some relevant field guide and book (Baral & Shah, 2008; Jnawali et al., 2011) on wild mammals of Nepal were used during this study. The camera trap sampling was used for the confirmation of striped hyena population. All camera traps were installed during night time (around 06 PM to 06 AM) only. Four sets of camera trap (STEALTH CAM Digital Scouting Cameras) were installed at 24 stations for over 80 nights.
Questionnaire survey was the first step in documenting the status and distribution of a species (Hofer & Mills, 1998) . We used the structured questionnaire sheets from September 2015 to October 2015 to collect information on general status, conflicts, conservation approaches and people's tolerance level towards the striped hyena. During the survey, 50 key peoples (community forest members, graduate students, local club members, etc) were interviewed.
RESULTS AND DISCUSSION
Presence and absence survey: This study demonstrated that large carnivore presence in all the studied habitat types in this human dominated landscape. We recorded 20 species including the striped hyena ( fig. 2 ) through camera trapping, direct observation and sign survey. There were five carnivores named Striped hyena (hyaena hyaena), Bengal fox (Vulpes bengalensis), Large Indian civet (Viverra zibetha), Golden jackal (Canis aureus) and Jungle cat (Felis chaus ) captured by camera trapping in the study site (table 1) . Among the 20 species, three species Elephas maximus (Asian elephant), Rhinoceros unicornis (One horned rhinoceros), and Hyaena hyaena (Striped hyena) protected by NPWCA 2029 were recorded, and moreover Asian elephant and one horned rhinoceros were also listed as endangered and vulnerable respectively by IUCN red list category (table 1). The pugmark image of Common leopard (Panthera pardus) and Striped hyena (Hyaena hyaena) were also captured ( fig. 3 & 4) . 
FIG. 4. Pugmark of Common leopard.
Habitat preference of Striped hyena
Mainly five major different types of habitats of forest systems (river bed, mixed forest, Accacia forest, Shorea forest and grassland in lowland areas were selected in this study. Evidences of Striped hyena signs (scat, pugmark and kill) i.e. 37 (36.27 %) were located in riverbed, followed by mixed forest i.e. 27 (26.47%), Accacia forest i.e. 21 (20.58 %), Shorea forest i.e. 16 (15.56 %) and grassland i.e. 1 (0.98%). Mostly pugmarks were seen in riverbed followed by mixed forest, Accacia forest and Shorea forest. A total of 13 scats of striped hyena were found in the study site and most of the scats (i.e. 4) were found in the mixed forest followed by riverbed (i.e.3), Accacia forest (.i.e.3), Shorea forest (i.e.2) and grassland (i.e.1) ( fig. 5 ).
FIG. 5. Sign of Striped hyena in different habitat in Rautahat and Sarlahi.
Local people stated their mixed opinion towards Striped hyena conservation in and around of study site. This did not support to the conservation of striped hyena due to killings of livestocks was killed by Striped hyena. Most of the people needed to conserve this species in and around the study site if conservation plan includes compensation schemes (fi g. 6). The study area provides good habitat for Striped hyena but are under threats due to habitat degradation, poaching, loss of prey species and livestock grazing. The high dependency of the local people on the natural forests especially government managed forests was also a major problem to the survival of the Striped hyena and its prey species.
FIG. 6. Tolerance level of local peoples (n= 136), Factor 1:
Increasing Striped hyena population is good, Factor 2: I support striped hyena conservation even my livestock has been killed and Factor 3: Striped hyena conservation is needed to conserve outside the protected areas.
Conservation approaches for Striped hyena
We found some local people involved in biodiversity conservation highlighting the importance of biodiversity and wildlife including the striped hyena role for maintaining healthy ecosystem. Scientific management of community managed government forests, regular monitoring and collaboration among forest user groups, district forest office and community forest committee were best program in respect to species and its prey conservation. The advertisement broadcasting from radio stations regarding wildlife and its habitat conservation, fire controlling, hunting etc. are the appropriate way to motivate to local people in the conservation sector. The Government of Nepal has established the Armed Police Force and District Forest Office-Area Sectors in some parts of the forests to control poaching, deforestation and conservation of nature and natural resources.
Carnivores often limit the number of their prey, thereby altering the structure and function of entire ecosystems (Schaller, 1972; Treves & Karanth, 2003) . Moreover, species with large spatial requirements, such as top predators, play indispensable roles in the long term maintenance of diversity (Terborgh, 1992) . The large home ranges of large carnivores often draw them into recurrent competition with humans, particularly in areas associated with extensive livestock management. Indeed, many large carnivore species are specialized on either natural or domesticated ungulate prey, and some individuals seek and readily kill large livestock when opportunities arise (Meriggi & Lovari, 1996; Polisar et al., 2003; Michalski et al., 2006) . The striped hyena, being at the apex of the food chain, influences the ecosystem structure and function despite their low densities in population. They are sensitive to habitat loss and fragmentations because of their large territories, high mortality rates and conflict with people in terms of predation of livestock, and they show a differential response to human induced land-use modifications. There are few populations of Striped hyena in Nepal (Hofer & Mills, 1998; Jnawali et al., 2011) and many tropical, wide ranging carnivorous mammals are now threatened because of the depletion of their prey reserves and anthropogenic pressures that come into conflict with their basic ecological needs (Woodroffe & Ginsberg, 1998; Treves & Karanth, 2003; Chutipong et al., 2014) . We investigated the Striped hyena's status in the Rautahat and Sarlahi forests and it needs to be conserving due the low population density and high level of conflicts between human and Striped hyena. Many authors (Sharma et al., 2011; Singh, 2008; Qarqaz et al., 2004) argued that conflicts with Striped hyenas are universal, and people near ubiquitous negative attitude toward carnivores and the conflicts are a major challenge to biodiversity conservation (Woodroffe & Frank, 2005; Woodroffe, 2000) . In this context, human-carnivore conflicts pose an urgent challenge to carnivore conservation, especially in recent deforestation frontiers where the requirements of carnivore populations are often at odds with those of human activities. Human-wildlife conflicts present an increasing challenge to conservation, particularly in densely populated parts of low-income countries (McGuinness & Taylor, 2014) . The conflicts are difficult to understand and manage because they are influenced by many factors including religious values, cultural and economic values of carnivores and their body parts, and the economic loss imposed by carnivore damage (Dickman, 2010) . On consequence, it is important to identify the degree of influence from these factors in order to lay a foundation for designing specific conservation programs and policies (Li et al., 2013 ).
However, this study was conducted in a human dominated landscape and it was concluded that habitat destruction and lack of conservation awareness program are major problem to the survival of the striped hyena population.
Government programs should be reached to the local people basically on using alternative energy sources, growing food for livestock, stall feeding and alternative livestock breeds and reduce their dependency on forest products, which would be helpful to conserve Striped hyena and other wildlife species. Additionally, local people should be directly involved in development, education and conservation programmes which may improve their perception of wildlife conservation, moreover education programmes about Striped hyena ecology should be implemented, along with training in farming skills. Various ecological aspects regarding population status, distribution pattern, behaviour of Striped hyena etc. are yet to be studied.Further, threats and human-striped hyena conflicts have to be measured and mitigated.Therefore, research and conservation implementation programmes should be conducted. The prevalence of positive attitudes toward Its conservation holds potential for the long-term conservation of this least populated species in and outside the protected areas of lowland, Nepal.
